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Abstract: Solar Photo Voltaic (SPV) based distributed generation is providing a clean and green energy to meet human needs 

nowadays. In grid-connected mode, most of the capacity of converter circuit is under-utilized as peak power is available for a 

small duration in the daytime and no utilization during the night. The converter used for PV system may be modified to work 

as STATCOM, that is capable to convert DC to AC and can compensate reactive power simultaneously. Thus in daytime this 

modified PV-STATCOM system supply both active and reactive power and in the night it will supply only reactive power 

resulting in better utilization of Power Conditioning System (PCS). In this paper, modified PV-STATCOM is tested in the 

grid-connected mode through simulation in MATLAB/Simulink/SimPower under various operating conditions. The proposed 

system supply active and reactive power locally in the grid-connected load resulting in less burden on the grid. 
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1. Introduction 

 

Solar photovoltaic-based electricity generation has already shown potential at both small and large scales. 

However, intermittent availability of SPV generation causes the underutilization of the PCS of SPV. In addition, 

peak power output of SPV is hardly available for most of the time even when Sun shines brightly. For proper 

utilization of the PCS capacity, combining PV and STATCOM have been suggested in numerous research papers 

[1,2,11–14,3–10]. These small rating units of PV generation is near to consumers such as roof-mounted mode 

contribute significantly to the overall generation. In this paper, the notion of PV-STATCOM is studied to supply 

reactive power and real power at distribution levels along with improved utilization of PCS. The effectiveness of 

the system is analyzed under variable load conditions with variable irradiation and fixed temperature. Modeling 

of PV-STATCOM compatible with the grid code requirements is demonstrated in [13], while optimal sizing and 

siting are explained in [12]. A comprehensive review of the concerns caused by the penetration levels of SPV to 

the grid discussed in [7]. PV-STATCOM with the ability to extract maximum power integrated into grid 

displayed in [15]. PV-STATCOM  with an objective to avoid instable operation of the induction motor under 

fault is discussed in [16]. The combination of PV-STATCOM is used to mitigate small voltage variations at 

distribution level [11], while it is used to improve grid power transmission limits with new control technique 

[17]. A PV-STATCOM is used for reactive power compensation at night [18]. Reactive power control based on 

SPV and wind generation is demonstrated by using Fuzzy based controller [14]. Similarly, reactive power 

control along with reduced harmonics explained in [19]. Short-term voltage variation mitigation with reactive 

power compensation is done with PV-STATCOM [11]. Implementation of various multilevel converter 

configuration may be done with PV-STATCOM operation mode for power quality improvement [4,5,20,21].  

 

2. System Models 

 

The single line diagram representation of the proposed PV-STATCOM connected in power distribution 

network is displayed in Figure 1. SPV setup is coupled at the DC link capacitor of STATCOM through the 

circuit breaker. The breaker is switched on at 500 milliseconds when PV attains its rated voltage. The boost 

converter, connected between PV panel and DC capacitor, is utilized to increase voltage level of solar panel. The 

STATCOM converter is coupled to the Point of Common Coupling (PCC) via LCL filter. A variable load 

containing active and reactive components is connected at the PCC. The PV-STATCOM is functioning in the 

grid-connected mode. The PV-STATCOM regulates power flow from AC to DC side in both directions. This 

function is achieved by dq reference control method. The total complex power exchange by the PV-STATCOM 

should be within the converter rating, however the main objective is to transfer real power and the reactive power 

magnitude depend on the spare capacity on converter rating. Thus, the proposed system can supply reactive 

power up to its current rating in the night and will supply limited reactive power in daytime. The grid supply 

power to the load at a rated voltage of 400 volts. A system model along with controller has been developed using 

MATLAB/Simpower to get the results for analysis and conclusion.  
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Figure 1. A single line representation of PV-STATCOM in power system. 

Where, 

VG = Grid voltage, VPCC = PCC voltage, XS = Line reactance, IC = Converter current,  

IS = Grid current, IL = Load current. 

 

2.1. PV Module 

 

PV cells comprise p-n junction diode, connected in series or parallel to form PV Module. Set of PV module 

makes PV array. The practical photovoltaic setup includes the connection of resistance in series and parallel, 

namely Rs and Rsh. The single diode model of PV cell is displayed in Figure 2 and the photovoltaic output 

current is given by equation (1).  
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Where, 

 Id = Module Diode Saturation Current, Ipv = Photovoltaic Current, Io =Photovoltaic Output Current, Vo = 

Photovoltaic Output Voltage, Irr = Reverse Saturation Current,  

Ish = Shunt Current, Iscr = Module Short Circuit Current, Tak = Actual temperature in °K, Rs = Series 

Resistance, q= The charge of electron (1.6021*10-19C), Rsh = Shunt Resistance, K= Boltzmann Constant 

(1.38065*10-23JK-1), Trk =  Reference temperature in °K, A= The Diode Ideality Constant. 

Reverse Saturation Current Irr is, 
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Diode saturation current Id is influenced by the temperature of solar panel, given as below. 
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Figure 2. Single diode equivalent circuit of the solar PV cell 

 
Figure 3. P-V, I–V curve characteristics of a solar PV 

 

 

The P-V, I-V curve of SPV array are displayed in Figure 3. It shows that variations in VPV of the PV array do 

not result in large variations in IPV. The PV array can be assumed as constant current source. Though, if the VPV 

exceeds a threshold point, the current reduces significantly [22].  

 

2.2. DC-DC Boost Converter 

 

A boost converter is connected between PV array and DC link capacitor to increase the voltage of SPV 

system. The converter duty cycle is calculated taking current and voltage of SPV system. The change in the duty 

cycle performs the pulse width modulation based switching of the device. 

 

2.3. STATCOM 

 

STATCOM is mainly used in power system to compensate reactive power. The STATCOM improves 

stability and voltage profile of the system. Classification of STATCOM is based on structural configuration, 

control method, and signal conditioning. The operating conditions of STATCOM defined in Table 1, assuming 

the grid voltage as a reference (δ=0). The reactive power compensation is done by controlling the current in an 

inductor connected between grid and STATCOM converter. The direction and magnitude of the inductor current 

are controlled by the voltage difference across the inductor. The grid voltage is almost constant hence, 

STATCOM inverter voltage is controlled by controlling the charging and discharging level (voltage) of capacitor 

voltage.  

 

 

 

 

Table 1. Operating Conditions of STATCOM [8]   
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Where,  

 P = Active power, Vi = STATCOM voltage, Q = Reactive power, VPCC = Voltage at PCC, δ= Voltage angle 

The DC link voltage is regulated using active power flow between grid and capacitor by controlling the 

voltage angle (δ) of the inverter. If voltage angle of STATCOM bus is lesser as compared to grid voltage angle, 

real power flow towards STATCOM that charge the capacitor and vice versa. V-I characteristic of STATCOM is 

displayed in Figure 4.  It shows the exchange of reactive power among STATCOM and utility grid [3,8]. VRef is 

the nominal voltage at PCC. 

 
Figure 4. V-I Operating characteristic of STATCOM. 

 

 

2.4. STATCOM Controller  

 

The function of STATCOM is to control the power flow from AC to DC bus in both directions. The 

regulation of power is executed using a controller widely known as dq0 reference controller as shown in Figure 

5. The controller uses STATCOM current, grid current, grid voltage and DC voltage as the inputs. The Phase 

Locked Loop (PLL) is used to calculate the angle to extract the dq0 values given in the equation (4) and then grid 

voltages are used to generate the pulses of the converter. The direct axis current is in phase and the q axis 

component is in quadrature to the voltage, hence q component used for voltage regulation and reactive power 

compensation and d axis component utilized for DC voltage control that done by active power control [23]. 
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Accordingly, the PWM reference voltages (Vref_a, Vref_b, Vref_c) of PV-STATCOM setup are attained by the 

reverse d-q transformation as specified in (5). 
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It is worth notable that both active and reactive power may be generated simultaneously. The block diagram 

of STATCOM controller is shown in Figure 5. The DC voltage regulator maintains the DC link voltage to a 

constant value that is also a function of the DC link capacitor rating. Although, the controller parameters are not 

optimal values. The optimization of the controller parameters done using Ziegler Nichols method. Nevertheless, 

the chief objective of this work is to propose a concept of improved utilization of PV-STATCOM at the 

distribution level. DC voltage regulator is a simple controller with proportional and integral gain, added to the 

main signal from dq transformation of load currents. Grid voltage utilized to extract the sinθ and cosθ later used 

to transform the dq components to voltage signals. These d-q components multiplied with linking reactance to 

get the equivalent voltage, fed to the d-q to ab transformation after addition to the controller output. The output 

of the controller is given to the subsystem containing the logic to generate the firing pulses at the frequency of 25 

kHz.  

 
Figure 5.  Block diagram of STATCOM Controller [1] 

 

3. Simulation Results 

 

Detailed simulation for different conditions has been executed in the MATLAB/Simulink software. The 

ratings of various system components are given in Table 2. Ads displayed in the results, Solar PV is connected to 

the grid through STATCOM at DC link at 500 milliseconds in the simulation. Both active and reactive load 

varied from 3.5+j0.500 kVA to 4.5+j0.900 kVA for a duration of 1450 milliseconds at the instant 750 

milliseconds. The solar irradiation level is reduced to zero at instant 2800 milliseconds to study the working of 

PV-STATCOM for reactive power control during the night, as shown in the Figure 6.  

 
Figure 6. Variation in solar irradiation level 

Table 2. Ratings of Various Components in the Detailed Model. 

Grid Voltage  120 kV, 50Hz 

SCC 50 MVA 

Line Resistance 0.0127 Ω/kM 
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Inductance 0.933 H/kM 

Length of Line No. 1 20 kM 

Length of Line No. 2 10 kM 

STATCO

M 

LCL Filter 0.007142×2 H, 0.7e-6 F 

Voltage Rating (AC/DC) 400 V RMS / 700V  

Capacitor 0.9 mF 

Load Maximum Power 4.5 kW, 0.9 kVAR 

PV Array PMax,0 640 W 

VOC,0 21.1 V 

ISC,0 3.8 A 

No. of cells in Module 2×287 

 

The active and reactive power output of PV-STATCOM is shown in Figure 7. The modified solar system 

supply a constant active power of 640 watts and variable reactive power within the inverter current rating limit. 

The performance of PV-STATCOM is simulated by reducing irradiation to zero at 2800 milliseconds. Thus, 

during the night, the proposed system control reactive power only while active power delivered to the grid is 

reduced to zero. It is clear from Figure 8, that burden on the grid reduces when PV-STATCOM is connected to 

the grid. 

 
Figure 7. Active power supplied by the PV-STATCOM to the load. 

 
Figure 8. Active power supplied by the grid to the load. 

 

The modified solar system meets the reactive power requirement of the load, resulting in the reactive power 

drawn from the grid become almost zero as shown in Figure 9. Reactive power compensation near the consumer 

connection is much more effective as it reduces the VA burden on grid and generators resulting in better power 

system operation. The DC link voltage remains constant during the simulation period except for slight variation 

in magnitude at the instant of switching moments as shown in Figure 10. 

 
Figure 9. Reactive power provided by the grid to the load. 
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Figure 10. Variations in the DC link voltage 

 

 

The PCC per unit voltage with and without PV-STATCOM is shown in Figure 11. The marginal 

improvements in the voltage profiles have been observed from the Figure 11. The voltage regulation of power 

system also improves due to the reactive power compensation at the load point. The variation in the PV output 

current is shown in the Figure 12,  

Figu

re 11. Per unit voltage at PCC 

 
Figure 12. Variation in the PV output current 

Figu

re 13. Solar PV output voltage. 

 

 

 

Solar PV output voltage after the DC-DC boost converter displayed in Figure 13. The voltage remains 

constant in the varying load conditions. It is evident from the Figures (7-9), PI-based controller enables the PV-

STATCOM to compensate the load requirements of the grid. At 500 milliseconds, PV connected to STATCOM 

through the circuit breaker. During the simulation, the active power requirement varies from 3.5 kW to 4.5 and 

reactive power demand varies from 500 VAR to 900 VAR. The proposed system supply reactive power 

according to the load requirement and constant real power of 640 watts. However, a constant DC link voltage of 

700 volts maintained throughout the simulation with the minor fluctuations and current fall to zero when 

irradiation is reduced to zero value. The solar PV is supplying a DC current of 0.9 Amps operating at around 700 

volts under standard operating conditions. Almost 400 volts is maintained at the PCC during the load variation.\ 
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4. Conclusion 

 

Integration of Solar PV to STATCOM to feed active and reactive power at PCC for reducing the burden on 

the grid is studied in this research. A detailed model of STATCOM and solar PV is developed in 

MATLAB/Simulink and a simulation study is carried out for variable irradiation and fixed temperature. It is 

observed from the simulation results that the solar PV based STATCOM is capable of supplying constant active 

power at PCC during the daytime.  In addition to this, solar PV based STATCOM is effective for compensation 

of reactive power under variable load conditions during day and night. It is also evident from the simulation 

results that the voltage at PCC is improved marginally using solar PV-STATCOM. In this paper, the results are 

achieved using a PI-based controller, which is simple and easy to implement. The performance of the proposed 

system may improve by replacing the PI controller with ANN, Fuzzy and GA based controller. The selective 

parameter control may also be explored for economic consideration. 
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